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A B S T R A C T  

Buffer  pools  are c r e a t e d  and managed i n  d a t a  base  systems i n  o r d e r  t o  
reduce t h e  t o t a l  amount of accesses t o  secondary memory. I n  systems us ing  
v i r t u a l  memory t h e  v i r t u a l  b u f f e r  pools can i n c r e a s e  secondary memory 
accesses  by inc reas ing  paging i n  the  system. I n  t h i s  paper we  compare t h e  
performance of systems where t h e  v i r tua l  b u f f e r  is a l l o c a t e d  f i x e d  amounts 
of real s t o r a g e  and p a r t i t i o n e d  from t h e  program t o  t h e  performance of 
systems where t h e  v i r t u a l  bu f fe r  and program compete f o r  real memory. Our 
a n a l y s i s  u t i l i z e s  empi r i ca l  d a t a  gathered i n  a m u l t i f a c t o r  experiment. 
f a c t o r s  w e  cons ider  are memory s i z e ,  v i r t u a l  b u f f e r  s i z e ,  v i r t u a l  page re- 
placement a lgor i thm,  b u f f e r  management a lgo r i thm and s i z e  of real  memory 
a l l o c a t e d  t o  t h e  v i r t u a l  bu f fe r .  
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t h e  c o n t r o l  of a paged v i r t u a l  memory system. 

~ 

I n  t h i s  paper  w e  compare t h e  performance of t h e  p a r t i t i o n e d  and 
non-pa r t i t i oned  experiments.  We d e f i n e  performance i n  t e r m s  of sys- 
t e m  1/0 (paging i n  t h e  system p lus  1/0 accesses  i n  t h e  b u f f e r )  and 
q u a n t i f y  t h e  c o n t r i b u t i o n s  of t he  components of system 1/0 t o  t h e  
l d i f f e r e n c e s  i n  performance. 
o r y  between b u f f e r  and program can  produce s l i g h t l y  b e t t e r  perform- 
ance  than  a non-part i t ioned system but  u s u a l l y  produces performance 
t h a t  is  n o t i c e a b l y  worse. The components t h a t  cause  most of t h e  d i f -  
f e r e n c e s  i n  performance between t h e  p a r t i t i o n e d  and non-pa r t i t i oned  
systems are program paging and double  paging. 
t h e  non-pa r t i t i oned  system i s  s i g n i f i c a n t l y  less t h a n  t h e  program 
paging i n  t h e  p a r t i t i o n e d  system when t h e  v i r t u a l  b u f f e r  s i z e  is  
l a r g e .  There i s  s i g n i f i c a n t l y  less double paging i n  t h e  non-parti-  
t i o n e d  system than  i n  t h e  p a r t i t i o n e d  system when t h e  v i r t u a l  b u f f e r  
s i z e  i s  s m a l l .  

We show t h a t  p a r t i t i o n i n g  t h e  real mem- 

The program paging i n  
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The p a r t i t i o n e d  and non-par t i t ioned  experiments  were conducted 
on a PRIME 300 minicomputer. The PRIME 300 has a 16 -b i t  word s i z e  
and supports  up t o  256K words of real  memory (1K=1024 words) .  Our 
system has 64K words. The PRIME has  v i r t u a l  memory hardware which 
suppor ts  up t o  512 pages of 512 words each. The PRIME p e r i p h e r a l s  
of i n t e r e s t  i n  t h e s e  experiments  c o n s i s t  of two moving head d i s k s  
each having a c a p a c i t y  of 3 m i l l i o n  words. 

' 
4 

I We have instrumented t h e  PRIME'S o p e r a t i n g  system wi th  a s o f t -  
ware probe, The probe i s  locked i n  memory and cannot  i n t e r a c t  w i t h  

s it i s  executed. 

from 1 t o  64 pages i n  1 page increments .  

3.  PREVIOUS STUDIES 

Tuel  [5 ,6 ]  o r i g i n a l l y  s t u d i e d  t h e  paging and 1/0 performance of 



t e c h n i q u e  of readirig t h e  information from t h e  i n d i v i d u a l  b u f f e r s .  I n  
a p rev ious  paper by Sherman and Brice [ 2 ]  we  assume t h a t  s e a r c h i n g  t h e  
? o i n t e r  a r r a y  g e n e r a t e s  no page f a u l t s .  We develop a v e r y  s i m p l e  

I 
t h e o r e t i c a l  model which p r e d i c t s  t o t a l  1/0 p e r  d a t a  b a s e  r e q u e s t  i n  
t h e  v i r t u a l  b u f f e r  as a func t ion  of v i r t u a l  b u f f e r  s i z e  i n  pages,  
?ages of real memory a l l o c a t e d  t o  t h e  v i r t u a l  b u f f e r  and t h e  number 
Df pages i n  t h e  d a t a  base.  The model assumes t h a t  t h e  random (RAND) 
page replacement a lgo r i thm and RAND b u f f e r  manager are used and t h e  
d a t a  b a s e  r e q u e s t s  are uniformly d i s t r i b u t e d .  

I 

I 

1 
By u s e  of t h i s  model, w e  show t h a t  i t  is  p o s s i b l e  t o  i n c r e a s e  t h e '  

v i r t u a l  b u f f e r  s i z e  and reduce t h e  t o t a l  1/0 pe r  d a t a  b a s e  r e q u e s t  i n  
t h e  b u f f e r  f o r  v a r i o u s  f i x e d  values  of real  memory a l l o c a t e d  t o  t h e  

. EXPERIMENTS l 4  

t ended  i n  ou r  p a r t i t i o n e d  experiments t o  i n c l u d e  f i v e  l e v e l s  f o r  t h e  

a n a l y s i s  of t h e  e m p i r i c a l  r e s u l t s  of t h e  p a r t i t i o n e d  experiments l e d  
t o  t h e  fol lowing conclusions.  The s i z e  of t h e  b u f f e r  p a r t i t i o n  can 
cause  s i g n i f i c a n t  v a r i a t i o n  i n  system 1/0 due p r i m a r i l y  t o  inc reased  
program paging. There is a s i g n i f i c a n t  double paging e f f e c t  i n  t h e  
' b u f f e r .  The p a r t i t i o n e d  experiments showed t h a t  i t  i s  p o s s i b l e  f o r  
t h e  u s e  of a v i r t u a l  b u f f e r  t o  improve performance i n  a p a r t i t i o n c d  
system. The chances f o r  improving performance are inc reased  i f :  (1) 
The c o s t  of 1/0 accesses are g r e a t e r  t han  t h e  c o s t  of paging. 
The RAND paging a lgo r i thm i s  used i n  t h e  b u f f e r  p a r t i t i o n .  
SCH paging a lgo r i thm i s  used i n  t h e  program p a r t i t i o n .  
b u f f e r  manager i s  chosen. ( 5 )  
c a n t l y  l a r g e r  t han  t h e  b u f f e r  p a r t i t i o n  s i z e .  

s i z e  of t h e  memory p a r t i t i o n  a l l o c a t e d  t o  t h e  v i r t u a l  b u f f e r .  Our , i 
I 

(2)  
(3)  The 

( 4 )  The RAND 
I 

i The v i r t u a l  b u f f e r  s i z e  i s  s i g n i f i -  

I 
The comparison i n  t h i s  paper i s  based on t h o s e  f a c t o r s  which were 

I 
I common t o  t h e  p a r t i t i o n e d  and non-part i t ioned experiments.  I n  hot11 

sets of experiments we u s e  t h e  RAND and SCH (second chance [ 7 ]  a l s o  i I 

-3- 
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known as the Multizs [ 8 ]  or use bit [ 9 ]  algorithm) page replacement I 

algorithms, 
algorithms do not differentiate between the program and buffer pages. 
In the partitioned experiments, pages in one partition are not consid- 
ered by the page replacement algorithm when a fault occurs in the 
other partition. The changes in the page replacement algorithms to 
allow partitioning are the only differences in the partitioned and 
non-partitioned experiments. Both sets of experiments use the FIFO 
(first in - first out), RAND, SCH, and LRU (least recently used) vir- 
tual buffer managers and virtual buffer sizes of 1, 5 ,  10, 15, and 20 
pages. The total amount of real memory is set to 40K,  44K,  and 48K 
words. The buffer partition sizes for the partitioned experiments 
are 1, 5 ,  10, 15, and 20 pages. 

In the non-partitioned experiments the page replacement 

I 

I 

I 
I 
I 

In the non-partitioned experiments [ 2 ]  a total of 240 experiments 
were performed and analyzed. The different experiments were defined 
by combination of 3 paging algorithms, 4 buffer managers, 4 real mem- 
ory sizes and 5 virtual buffer sizes. In the .partitioned experiments 
[3] a total of 360 experiments were,performed and analyzed. The dif- 
ferent experiments were defined'by combinations of the 2 paging algo- ' 
rithms, 4 buffer managers, 3 real memory sizes, 5 memory partition 
sizes and virtual buffer sizes where the virtual buffer was at least ' 
as large as the buffer partition size. 

5 .  RESULTS 

The complete data for the partitioned and non-partitioned experi- 
ments is available in previous papers by Sherman and Brice [Z], [ 3 ]  
and is not presented again in this paper. In order to omit conges- 
tion we usually present figures that are representative rather than 
exhaustive in terms of the number of levels of factors available. 
complete set of figures for the partitioned experiments can be con- 

A complete set of figures for the non-partitioned experiments can be 
constructed from Table I and the Appendix in [ 2 ] .  

A , 
structed from the data in Table I, Table 11, and Table 111 in [ 3 ] .  I 

I The 1/0 and paging in the experiments can be organized hierar- , 
chically as shown in Figure I. 
partitioned and non-partitioned experiments can be compared directly. 
The other components in Figure I are influenced by the partition size 
which is known in each of the partitioned experiments and varies 
during each of the non-partitioned experiments. 

System 1/0  and 1/0 access for the 
I 

System 1/0 is shown in Figures I1 through IV for the non-parti- 
tioned experiments and for the partitioned experiments with all the 
partition sizes chosen for our experiments. The system 1/0 for the 
partitioned experiments typically brackets the system 1/0 for the 
non-partitioned experiments. 
experiments closely approximates the best performance (least system 
I/O) of the partitioned experiments. 
results by Denning and Spirn [ l o ]  which show that the performance 

The system 1/0 for the non-partitioned 

Our results are similar to the 

_ _  ___--- ___ - __  - - - 
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>f a multiprogramming system with f i x e d  p a r t i t i o n s  is  g e n e r a l l y  worse 
:han t h e  performance of a system w i t h  v a r i a b l e  p a r t i t i o n s .  i 

- 1 o w  

I 5 to I 3- rpI 
I I I I 

i I 
System I/O: Components a r e  Program Paging and Buffer  1 /0  

Program Paging i s  a func t ion  of CV 1, 3, 4 o r  1, 4 A  I 
Buffer  I / O :  Components are 1/0 Accesses and Buffer  Paging ' 

I/O Accesses i s  a func t ion  of CV 2 ,  3, 5 ! 
Buffer  Paging: Components a're Doubie and Reference Paging 

Double Paging is  a f u n c t i o n  of CV 1 through 5 
Reference Paging is  a f u n c t i o n  of  CV 1 through 5 

CONTROL VARIABLES (CV) 
1. Paging Algorithm 
2. Buffer  Manager 
3. V i r t u a l  Buffer S i z e  
4. Real Memory S i z e  
4 A .  P a r t i t i o n  S ize  
5 .  D i s t r i b u t i o n  I i... of  Data Base Requests 

F ig .  I. Hierarchy of 1/0 and Paging 

In  our  p a r t i t i o n e d  experiments t h e  same paging a lgo r i thm i s  used 
Ln the program p a r t i t i o n  and t h e  b u f f e r  p a r t i t i o n .  The performance 
3f each p a r t i t i o n  was analyzed s e p a r a t e l y .  The SCi paging a l -  
sor i thm t y p i c a l l y  performed s i g n i f i c a n t l y  b e t t e r  than  t h e  RAND paging 
s lgor i thm i n  t h e  program p a r t i t i o n .  The RAND paging a lgo r i thm per-  
Eormed only  s l i g h t l y  b e t t e r  than t h e  SCH paging a lgo r i thm i n  t h e  
buf fer  p a r t i t i o n .  

5 W P  $4 

....... .... -.- .- .. 
.... ...... 16 -e-- 

t r8*4 
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An a n a l y s i s  0: t h e  page r e f e r e n c e s  f o r  t h e  program i s  shown i n  
Figure V and V I  and an a n a l y s i s  of t h e  page r e f e r e n c e s  f o r  t h e  d a t a  
3ase is  shown i n  F igure  V I .  F igure  V shows t h e  number of page f a u l t s  
t h a t  would have occurred  i n  t h e  program p a r t i t i o n  us ing  t h e  LRU page 
replacement a lgo r i thm f o r  a program p a r t i t i o n  s i z e  of 40 t o  95 real 
pages. The p a r t i t i o n e d  experiments  w e  conducted had a program par- 
t i t i o n  t h a t  ranged from 60 t o  95 real pages and t h e  page r e f e r e n c e s  
m a l y s i s  fo r  t h i s  range i s  repea ted  i n  F igu re  V I .  

, ' 

i C3WP X--x 

I 

I Fig.  111. System 1/0 f o r  p a r t i t i o n e d  and non-par t i t ioned  (0  
pages locked)  experiments u s i n g  SCH page replacement 
a lgo r i thm,  RAND b u f f e r  manager and 44K memory. i Figure V I  a l s o  shows t h e  number of page f a u l t s  t h a t  would have 

x c u r r e d  i n  the b u f f e r  p a r t i t i o n  us ing  t h e  LRU page replacement al- 
gorithm and assuming t h e  complete d a t a  base  w a s  i n  t h e  v i r t u a l  b u f f e r .  
rhe d a t a  used t o  c o n s t r u c t  F igures  V and V I  w a s  o r i g i n a l l y  ga the red  
to parameter ize  a set of s imula t ion  experiments  and t h e  method we 
used t o  c o l l e c t  t h e  d a t a  is explained i n  [ll]. Figures  V and V I  il- 
l u s t r a t e  t he  p o t e n t i a l  f o r  t h e  program paging component of system 1/0 
to b e  dominant. i 

I 
.. e.. PAGLS LmKfD: 

x-x ....... 
e. 

*. . .- . . - * * e  ........ 

Fig .  I V .  System 1/0 f o r  p a r t i t i o n e d  ,and non-par t i t ioned  (0 
pages locked) experiments  u s ing  SCH page replacement 
a lgor i thm,  RAND b u f f e r  manager and 48K memory. 

-6- 
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Ln the non-partitioned experiments system 1/0 usin 
ilgorithm was significantly less than system 1 / 0  u1:ing the RAND paging 
replacement algorithm. For the partitioned experiments we noted that 
system 1/0 would be reduced if the RAND paging algorithm were used in 
the buffer partition and the SCH paging algorithm used in the program 
partition. We refer to this system as the optimal partitioned sys- 
:em. The optimal partitioned system offers only a slight improvement 
in the system 1/0 from the partitioned system with the SCH algorithm 
in each partition. 
dth the non-partitioned system using the SCH paging algorithm pro- 
iuces figures very similar to Figures I1 - IV. 
the non-partitioned system closely approximates the best performance 
If even the optimal partitioned system. 

the SCH paging 

A comparison of the optimal partitioned system 

The performance of 

I 

I 
, 

Text area 
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Buffer I / O ,  a component of system 1/0 as shown i n  F igure  I, con- 
sists of paging i n  t h e  b u f f e r  and 1/0 accesses .  T h r  1 /0  accesses do 
n o t  depend on t h e  p a r t i t i o n  o r  t h e  r e a l  memory av‘l i lable  and are 
e x a c t l y  the  same f o r  t h e  p a r t i t i o n e d  and non-pa i t i t i oned  cases. The 
number of 1/0 accesses  is  shown i n  F igure  V I I .  
g e r  has  s i g n i f i c a n t l y  fewer 1/0 accesses  a t  a v i r t u a l  b u f f e r  s i z e  of  
1 0  and 15  pages. As w a s  shown i n  [ 2 ] ,  t h e  RAND b u f f e r  manager has  
fewer 1/0 accesses  due t o  t h e  record  r e f e r e n c e  prtttc’ru which c o n t a i n s  
a few h ighly  re ferenced  r eco rds  u s u a l l y  sepa ra t ed  by s t r i n g s  of 
r e fe rences .  

‘Jtw RAND b u f f e r  mana- 

I 

i V i r t u a l  Buffer  Buffer  Managers 
S izes  i n  Records LRU SCH RAND FIFO i 

1 1075 1075 1075 1075 
5 784 791 774 . 794 

10 684 687 559 688 
15 4 18 422 270 . 434 
20 93 ~ ~ ~ 9 8 ; , : ~  154 103 

Fig.  V I I .  Number of 1/0 r e q u e s t s  t o  read  
r eco rds  i n t o  t h e  v i r t u a l  b u f f e r  

The o t h e r  component of b u f f e r  1/0 is b u f f e r  paging.  Buffer  
paging c o n s i s t s  of double  paging and r e f e r e n c e  paging.  
occurs  when t h e  b u f f e r  manager chooses t o  r e p l a c e  t h e  informat ion  i n  
a page t h a t  i s  n o t  i n  real  memory. Reference paging r e f e r s  t o  page 
f a u l t s  caused by a t t empt s  t o  u s e  informat ion  t h a t  i s  i n  t h e  v i r t u a l  
b u f f e r  but  n o t  i n  real memory. We d e f i n e  t h e  double  paging r a t e  t o  
be t h e  number of double  page f a u l t s  d iv ided  by t h e  number of 1/0 
accesses. We d e f i n e  t h e  r e f e r e n c e  paging r a t e  t o  be  t h e  number of 
r e f e r e n c e  f a u l t s  d iv ided  by 1075 minus t h e  number of 1/0 accesses .  
The maximum number of 1/0 a c c e s s e s  which can occur  i n  our  experiments  
i s  1075. 

Double paging 

Figures  V I 1 1  and I X  con ta in  double  paging ra tes  f o r  SCH and RAND 
paging a lgor i thms f o r  t h e  non-par t i t ioned  experiments .  I n  t h e  non- 
p a r t i t i o n e d  experiments  t h e  double  paging rates are i n c r e a s i n g  func- 
t i o n s  of v i r t u a l  b u f f e r  s i z e  and dec reas ing  f u n c t i o n s  of real memory 
s i z e .  
rate than  t h e  o t h e r  b u f f e r  managers. 

The RAND b u f f e r  manager has  a no t i ceab ly  lower double  paging 
The RAND page replacement al-  

gorithm a l s o  has a lower double  paging r a t e  than t h e  SCH page re- j 

Figures  X and X I  con ta in  t h e  double  paging ra tes  f o r  t h e  SCH and 
I 

RAND paging a lgo r i thm f o r  a l l  p a r t i t i o n  s i z e s  i n  t h e  p a r t i t i o n e d  ex- 
per iments .  I n  t h e  p a r t i t i o n e d  experiments  t h e  double  paging rates 
are a l s o  an i n c r e a s i n g  func t ion  of v i r t u a l  b u f f e r  s i z e  and a decreas-  
i n g  func t ion  of real  memory p a r t i t i o n  s i z e .  However, t h e  i n c r e a s e  

-8- 
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memory a l l o c a t e d  t o  t h e  b u f f e r  i s  equa l  t o  t h e  v i r t u a l  b u f f e r  s i z e  
t h e  double  paging ra te  i s  zero.  I 

Pa2iny R1gor;tkrvr U s L y  q4 K 
04 Real rntmocy 

I 

due t o  v i r t u a l  b u f f e r  s i z e  i s  much sha rpe r  than  f o r  t h e  non-part i -  

bOUBL6 

PAGt 
Anr  E 

,$ 8,' 
. I  
//- 
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Our a n a l y s i s  of t h e  non-par t i t ioned  experiments  produced t h e  
average number of real  pages a l l o c a t e d  t o  t h e  v i r t i i n l  b u f f e r .  Some 
t y p i c a l  averages f o r  v i r t u a l  b u f f e r  s i z e s  1, 5, 10, 15, 20 v i r t u a l  
pages a r e  1, 4.5, 8 .4 ,  10.3, 1 1 . 2  real pages.  The low double paging 
rates of t h e  non-par t i t ioned  experiments  i n d i c a t e  t h a t  a c o n s i d e r a b l e  
po r t ion  of t h e  1/0 accesses  occurred  when t h e  v i r t u a l  b u f f e r  had a l l  
~f i t s  pages i n  real  memory. The p a r t i t i o n e d  experiments  show t h a t  
t h e  double paging ra tes  of t h e  non-par t i t ioned  expcriinciits would 
have been much h ighe r  i f  t h e  rea l  memory a l l o c a t e d  t o  t h e  v i r t u a l  
bu f fe r  was 

DOUBLE 

PAGE 
RATE 

Fig.  X. 

DOLl0L€ 
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Double paging r a t e  f o r  t h e  SCH paging a lgo r i thm i n  t h e  
b u f f e r  p a r t i t i o n .  
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I n  t h e  non-par t i t ioned  experiments w e  c a l c u l a t e d  t h e  mean and 
s t anda rd  d e v i a t i o n  f o r  t h e  number of program f a u l t s  which occurred  
between success ive  b u f f e r  f a u l t s .  The means were a dec reas ing  func- 
t i o n  of  v i r t u a l  b u f f e r  s i z e  and t h e  s tandard  d e v i a t i o n s  were t y p i c a l -  
l y  l a r g e r  than  t h e  mean. A set of d e n s i t y  f u n c t i o n s  f o r  program 
f a u l t s  occu r r ing  between success ive  b u f f e r  f a u l t s  i s  shown i n  F igu re  
XI1 f o r  t h e  f i v e  v i r t u a l  b u f f e r  s i z e s .  The small medians of t h e  
d e n s i t y  f u n c t i o n s  i n d i c a t e  t h a t  t h e  real  memory requi rements  of t h e  
v i r t u a l  b u f f e r  occur  i n  b u r s t s .  We observed t h a t  t h e  d a t a  base  man- 
age r  o f t e n  r e q u e s t s  s t r i n g s  of records  i n  o r d e r  t o  s a t i s f y  some par-  
t i c u l a r  d a t a  base  r eques t .  The d a t a  is  then  processed by t h e  pro- 
gram. A s t r i n g  of record  r eques t s  causes double  page f a u l t s  t o  occur  
u n t i l  t h e  e n t i r e  v i r t u a l  b u f f e r  i s  i n  real  memory. Once t h e  v i r t u a l  
b u f f e r  i s  i n  real memory, any remaining r e q u e s t s  i n  t h e  s t r i n g  do 
no t  cause  double page f a u l t s .  A s  t h e  program p rocesses  t h e  d a t a  
r eco rds ,  t h e  program pages tend t o  r e p l a c e  some of t h e  real pages 
a s s igned  t o  t h e  v i r t u a l  b u f f e r .  
t h e  double  paging r a t e  i n c r e a s e s  w i t h  i n c r e a s i n g  b u f f e r  s i z e  because 
f o r  l a r g e  v i r t u a l  b u f f e r s  t h e  complete v i r t u a l  b u f f e r  i s  r a r e l y  i n  
real memory. The complete v i r t u a l  b u f f e r  i s  r a r e l y  i n  memory due t o  
compet i t ion  f o r  real memory by the  program and t h e  b u f f e r  and a l s o  
due t o  t h e  dec rease  i n  l e n g t h  of t h e  s t r i n g  of r e q u e s t s  r e l a t i v e  t o  
t h e  b u f f e r  s i z e .  

4 

I 

I n  t h e  non-par t i t ioned  experiments  

?ROGRflM FAULT3 6ETWLEN B U F F € &  FA LILT^ 

Fig.  XII. Densi ty  func t ions  of program f a u l t s  between success ive  
b u f f e r  f a u l t s  f o r  t he  SCH paging a lgo r i thm and SCH 
b u f f e r  manager us ing  36K of memory 
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The last component of buffer 1/0 is reference paging. The 
reference paging rates are very similar in the partitioned and non- 
partitioned experiments. 
ing function of virtual buffer size and a decreasing function of real 
memory size. 

The reference paging rates are an increas- 

i 
As shown in Figure I, the other component of system 1/0 is pro- 

gram paging. 
program paging caused a large percentage of the paging in the system. 
In both sets of experiments the SCH paging algorithm clearly produced 
fewer page faults than the RAND paging algorithm. In the Partitioned 
'experiments there is no interaction between paging in the buffer and 
paging in the program. In the non-partitioned experiments, real 
pages were free to migrate between buffer space and program space and 
the migration is characterized in [ 2 ] .  
the non-partitioned experiments to consist 
caused by a fault in the program space. 
of the program paging in the partitioned experiments and the non- 
partitioned experiments. 
partitioned experiments is calculated by subtracting the average num- 
ber of real pages allocated to the virtual buffer from the real memory 

In the non-partitioned and partitioned experiments, 

We define program paging in 
of all page replacements 

Figure XI11 is a comparison 

The program partition size in the non- 

I 

buffer and the freedom of the pages in real memory to migrate between 

. 
- 

the program space and the buffer space. 

Fig. XI11 

- 40w \ 

Program paging for the partitioned and non-partitioned 
experiments. 
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1. 

6 .  CONCLUSIONS I 

I 
i 

The performance of system 1/0 when t h e  program space  i s  no t  
p a r t i t i o n e d  from t h e  b u f f e r  space i s  u s u a l l y  b e t t e r  t han  t h e  pe r -  
formance of system 1/0 i n  a p a r t i t i o n e d  system. W e  have shown that 
t h e  system 1/0 i n  a p a r t i t i o n e d  system can be  s l i g h t l y  lower t h a n  a 
non-par t i t ioned  system wi th  a j u d i c i o u s  choice  of p a r t i t i o n  s i z e  a l -  
though a poor choice  of p a r t i t i o n  s i z e  w i l l  cause  t h e  system 1/0 i n  
a p a r t i t i o n e d  system t o  b e  s i g n i f i c a n t l y  h ighe r .  
t u a l  b u f f e r  s i z e ,  t h e  average number of real pages a l l o c a t e d  t o  t h e  
v i r t u a l  b u f f e r  i n  t h e  non-part i t ioned experiments  is  a poor pred ic-  
t i o n  of a b u f f e r  p a r t i t i o n  s i z e  t o  minimize system I/O. 

For a given v i r -  

The s u p e r i o r  performance of a non-par t i t ioned  system was due t o  
i t s  a b i l i t y  t o  a l l o c a t e  r ea l  memory t o  t h e  program space  and b u f f e r  
space  as  they a l t e r n a t e d  t h e i r  requirements  f o r  memory. The a l l o c a -  
t i o n  of real  memory as  requi red  produces less program paging and a 
lower double paging ra te  i n  t h e  b u f f e r .  When.the v i r t u a l  b u f f e r  s i z e  
is l a r g e ,  t h e  program paging i n  t h e  non-pa r t i t i oned  system is  much 
lower than  t h e  program paging i n  t h e  p a r t i t i o n e d  system. A s  t h e  
v i r t u a l  b u f f e r  s i z e  dec reases ,  t h e  d i f f e r e n c e  i n  program paging p e r -  
formance decreases .  When t h e  v i r t u a l  b u f f e r  s i z e  is mall, t h e  
double  paging rate i n  t h e  non-par t i t ioned  s y s t e m  i s  much lower than  
t h e  double  paging r a t e  i n  t h e  p a r t i t i o n e d  system. A s  t h e  v i r t u a l .  
b u f f e r  s i z e  i n c r e a s e s ,  t h e  d i f f e r e n c e  i n  double  paging  ra te  dec reases  
bu t  t h e  corresponding decrease  i n  1/0 a c c e s s  f o r  l a r g e  b u f f e r s  re- 

# duces t h e  s i g n i f i c a n c e  of t h e  double paging r a t e .  I 

Even though t h e  performance of a p a r t i t i o n e d  system can be  im-  
proved by us ing  a d i f f e r e n t  paging a lgo r i thm f o r  t h e  program p a r t i -  
t i o n  and b u f f e r  p a r t i t i o n ,  t h e  gain i n  performance is  n o t  as s i g n i f -  
icant as t h e  performance improvement t h a t  w a s  gained by n o t  having 
a p a r t i t i o n .  l 

j 

7. 

1. 

2. 

3 .  

4 .  
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